A randomised double-blind trial was undertaken to compare epidural lignocaine 1.5% with adrenaline to epidural fentanyl (lOOpg in saline 10 ml) in forty unpremedicated patients undergoing extracorporeal shock wave lithotripsy without ancillary procedures. Midazolam only was used for sedation. There was no significant difference in intraoperative pain scores with several patients in each group complaining of pain. Decreases in blood pressure occurred in both groups but were more pronounced in the lignocaine groups (36% vs 25% maximum decrease from control, P = 0.004). Heart rate was increased in the lignocaine group compared with control and to the fentanyl group, but there was no difference in respiratory rates within or between groups. Pruritis was more common in the fentanyl group and leg heaviness in the lignocaine group, but neither was troublesome. There was no difference in urological outcome at one month. Both techniques were satisfactory for the majority of patients, but the fentanyl group had a shorter preparation time and less cardiovascular changes.
of analgesics. To date, general anaesthesia, I epidural anaesthesia with local anaesthetic agents,2 intercostal nerve blocks with local infiltration,3 intravenous fentanyl,4 combinations of intravenous analgesics and sedatives5, and more recently epidural fentanyl,6 have all been used. In our institution we routinely employ continuous lumbar epidural anaesthesia using lignocaine 1.5% with adrenaline to achieve a sensory block level in the region of T4-T6. Although this has proved satisfactory we have commonly encountered hypotension and less commonly break-through pain. 7 To compare the efficacy and side-effects of epidural fentanyl with epidural lignocaine for ESWL we undertook a randomised doubleblind trial.
MATERIALS ANO METHOOS
Forty patients scheduled for ESWL without ancillary procedures were randomly assigned (by the drawing of closed envelopes) to receive either epidural lignocaine 1.5% with adrenaline (1 :200,000) or epidural fentanyl. Two anaesthetists designated as the 'administration anaesthetist' or the 'observation anaesthetist', were involved. The administration anaesthetist commenced an intravenous infusion with Hartmann's solution and initiated continuous ECG monitoring and five-minutely blood pressure measurements with an automated blood pressure device. Following a 10 ml/kg preload, a lumbar epidural catheter was inserted and the insertion site covered with a sterile adhesive dressing (Tegaderm@, 3M and Sleek@, Smith & Nephew). Those patients in the lignocaine group then received a standard anaesthetic which consisted of establishing a block to T4-6, following a test dose of 2 ml. Those patients in the fentanyl group were given a similar test dose of lignocaine with adrenaline to ensure correct placement of the catheter in the epidural space, followed by 100llg of fentanyl diluted to 10 ml with normal saline. s The fentanyl was administered immediately prior to positioning the patient in the cradle, whereas in the lignocaine group patients were not positioned until an appropriate level of blockade had developed.
Since all patients were unpremedicated the protocol allowed the administration anaesthetist to give midazolam intravenously as required prior to insertion of the epidural catheter, and vasopressors if indicated.
To ensure that the observation anaesthetist remained blind and was not biased by the presence or absence of leg movement or hypotension, the administration anaesthetist continued patient management and observations until the patient had been positioned in the cradle and immersed in the waterbath with stable haemodynamic observations. The administration anaethetist then left the procedure room and the observation anaethetist continued patient management and observations. The protocol allowed the observation anaesthetist to administer further midazolam for anxiety, vasopressors for hypotension and if breakthrough pain occurred, to administer a top-up dose of 10 mllignocaine 1.5% with adrenaline epidurally. In the event of severe hypotension or severe pain the code could be broken, and the administration anaesthetist could be called in to help manage the anaesthetic.
Observations included blood pressure, heart rate and respiratory rate every five minutes. At the end of the treatment the patient, the observation anaesthetist and the urologist together scored the anaesthesia as follows: 0 -good; I -sufficient (discomfort or pain, but easily tolerated); 2 -insufficient (discomfort or pain not tolerated, requiring the epidural lignocaine top-up).
At the conclusion of the treatment the observation anaesthetist left the procedure room and the administration anaesthetist returned to remove the patient from the bath and continue management and hand over to the recovery room staff. All patients who had received fentanyl were monitored for delayed respiratory depression for six hours.
Patient follow-up was undertaken the next day by the observation anaesthetist, who still remained blind to the treatment drug. Patients were questioned regarding the presence of pain during the procedure, nausea and vomiting, pruritis, urinary retention and leg weakness. U rological follow-up was undertaken at least one month following treatment to assess the adequacy of the ESWL.
Based on the characteristics of the data either a two-tailed t-test, Mann-Whitney Test, Chi-square Test, Fisher's Exact Test or 
Fentanyl group (n = 20)
5.0 (SO 2.4)* (0-13) 1.9 (SO 2.8) (0-10) 6.9 (SO 3.3)* (4-17.5) * Significant difference between groups (P < 0.05, Mann-Whitney Test) Kolmogorov-Smirnov Test was used to by the observation anaesthetist (i.e. during determine whether the groups differed actual firing). significantly (statistical significance was The procedural data is shown in Table 3 .
The time taken from administration of the
RESULTS
There was no significant difference in height, weight or male/female ratio between the two groups. However, the fentanyl group was younger than the lignocaine group (see Table 1 ). The level of the epidural catheter insertion varied from TI2-Ll to L3-4 with no significant difference between groups. In the lignocaine group, the block level varied from T2 to T6 (median = TS) and the volume injected varied from 13-2S ml (mean = 17.7S).
The dose of midazolam used by the administration anaesthetist (i.e. to cover epidural insertion) was significantly less in the lignocaine group than the fentanyl group (see Table 2 ). There was no significant difference between groups in the midazolam dose used epidural drug to commencement of firing was significantly less for the fentanyl group than the lignocaine group (13.8 vs 24.7 minutes). Although there was no significant difference between groups in the duration of firing and number of shocks, the fentanyl group was treated with slightly lower energy (kV) than the lignocaine group. There was no significant difference in stone position (upper, middle or lower pole) between groups (Chi-square Test).
The intraoperative pain scores as assessed at the completion of treatment and at postoperative follow-up are listed in Table  4 .
Immediately following completion of treatment there was no significant difference in intraoperative pain scores. Despite four lignocaine patients and five fentanyl patients requiring lignocaine top-ups during *0 = good 1 = sufficient -discomfort or pain, but easily tolerated 2 = insufficient -discomfort or pain requiring lignocaine top-up There were no significant differences between groups at either assessment (Kolmogorov-Smirnov Test) treatment, all treatments were able to be completed. When interviewed the following day more patients in the fentanyl group complained of intraoperative pain, but the difference between the two groups was not statistically significant. The result remained not significant even if one grouped the patients who found the procedure acceptable (i.e. scores of 0 and 1) together and applied Fisher's Exact Text. Interestingly there were patients in both groups (three in the fentanyl and two in the lignocaine group) who complained of intraoperative pain at the follow-up interview but had not complained of intraoperative pain at the immediate postoperative assessment.
Other complications are shown in Table 5 . The episodes of pruritis reported in the fentanyl group all lasted less than two hours. Half the patients in the lignocaine group reported some leg heaviness but none found this troublesome. Of the four patients in the fentanyl group reporting symptoms of motor blockade, three had received lignocaine topups for intraoperative pain and the remaining patient complained of leg stiffness and difficulty in moving the right leg which was uncomfortable and paraesthetic for 24 hours.
Of the patients who were not catheterised for the procedure (six in the lignocaine and nine in the fentanyl group), one in each group reported minor difficulties micturating postoperatively but neither required catheterisation.
Mean blood pressures are displayed in Figure 1 . Within each group the blood pressure at the time of epidural drug administration was significantly lower than the control blood pressure. The blood pressure in both groups continued to fall after the administration of the epidural drug, remaining below the level at the time of administration for 40 minutes in the lignocaine and 30 minutes in the fentanyl group. However, the blood pressure in the lignocaine group was significantly lower than that in the fentanyl group at 15 minutes, 20 * Indicates significant difference between the two groups.
minutes, 25 minutes and 30 minutes following administration. The maximum falls in mean blood pressure were significantly greater in the lignocaine group than in the fentanyl group (see Table 6 ). Six patients in the lignocaine group received vasopressors (one metaraminol and five ephedrine) compared with one patient (ephedrine) in the fentanyl group (P = 0.046, Fisher's Exact Test). Pulse rates are displayed in Figure 2 . Within the lignocaine group the pulse rate was significantly increased at 15 minutes from the level at the time of administration. There was no significant change in pulse rate within the fentanyl group. The pulse rate in the fentanyl group was significantly lower than the lignocaine group during most of the first 60 minutes, but the fentanyl group did start from a lower baseline (P = 0.07).
There was no significant difference in the respiratory rates within or between the groups at any time. * Indicates significant difference between the two groups.
Anaesthesia and Intensive Care, Vat. 17, No. 1, February, 1989 At urological follow-up one month following treatment, two patients in the lignocaine group and one patient in the fentanyl group had poor stone fragmentation. All these calculi were located in the upper pole. One of the lignocaine patients has since undergone a further ESWL, again with poor results, suggesting a very dense calculus. The calculus in the fentanyl patient was never properly visualised with fluoroscopy at ESWL which probably accounted for the poor result. DISCUSSION Local or regional techniques for ESWL have the advantage of allowing the patient to remain conscious, hence facilitating the positioning of the patient in the gantry and avoiding the difficulty of managing general anaesthesia with the patient immersed in water. Provided that pain relief was satisfactory and treatment not compromised, it seemed that epidural opioids may provide a suitable alternative to epidural lignocaine. We chose epidural fentanyl because it is a highly lipid soluble opioid with a quick onset and a short duration of action 8 and a minimal risk of delayed respiratory depression. 9 . " There have been few reports of using epidural fentanyl for ESWL. Pandit et al. 12 reported adequate analgesia with epidural fentanyl, but later questioned their own results l3 because they had used Microfoam,® 3M (a foam adhesive tape which they found attenuated shock energy) to secure the epidural catheter and hence had a poor urological outcome. In a series of 70 cases of epidural fentanyl for ESWL, Wells and Davies 9 reported a case of eNS depression occurring 90 minutes after the epidural administration. Gissen et al. 6 reported that this technique provided sufficient analgesia for ESWL in 14 out of 15 patients .
Although we randomised our patients by an accepted technique (the drawing of identical closed envelopes), the fentanyl group was younger than the lignocaine group. On re-examining our methods and data we were unable to find any evidence that the samples differed in any other parameter (such as sex, height, weight or stone position). We cannot explain the age difference, apart from pure chance. The 40 patients were treated by a number of different surgeons (with potentially differing patient populations) but the distribution of surgeons was similar in both groups. The age difference may explain the slightly higher dose of midazolam required by the fentanyl group for epidural catheter insertion.
Our results show that epidural fentanyl combined with midazolam provides adequate pain relief in the majority of patients and is comparable to epidural lignocaine. Similar numbers in each group were given top-up doses of lignocaine and all patients were then able to complete their treatments satisfactorily. It is unlikely that 10 ml of lignocaine alone would provide satisfactory analgesia, so an interaction with the epidural fentanyl is probable. Such interactions between epidural local anaesthetics and opioids have previously been reported. 14 That neither fentanyl nor lignocaine provided perfect anaesthesia in all cases is consistent with other reports using both epidural local anaesthetics 2 ,15 and epidural fentany1.6 The discrepancy between the patient's assessment of intraoperative pain at follow-up the next day and the immediate postoperative assessment, may have been due to the effects of midazolam.
On average the fentanyl group was treated with slightly less energy than the lignocaine group (19.75 kV vs 20.55 kV) but the difference, although statistically significant, is unlikely to be clinically significant. We had Domier measure the pressure at the focal point in our machine. An energy setting of 19.75 kV produced a pressure of 1041.3 bar compared to 20.55 kV which produced a pressure of 1052.1 bar (averages of 50 shocks at each setting). This small difference in pressure is unlikely to affect either stone disintegration or pain perception.
The most striking difference between the two groups was the more pronounced fall in blood pressure experienced by the lignocaine group. The early falls in blood pressure in both groups were most likely due to the administration of midazolam to anxious, unpremedicated patients. The continued falls in blood pressure were probably due to midazolam and positioning in the cradle. The lignocaine group, in addition, had the sympatholytic effect of a high epidural imposed on the above factors which would account for the greater fall in blood pressure. The more pronounced hypotension and the significant increase in heart rates observed only in the lignocaine groups may be detrimental to patients with cardiovascular or cerebrovascular disease. Since general anaesthesia for ESWL may cause even greater falls in blood pressure than epidural local anaesthetics, IS epidural fentanyl may be the treatment of choice in these higher risk patients.
The time taken for the lignocaine block to develop is considerably longer than for fentanyl. This explains the shorter time from drug administration to commencement of firing in the fentanyl group which may increase the efficiency of the lithotripsy suite.
While 25% of fentanyl patients complained of pruritis, none was severe or required treatment. Similarly, no patient was distressed by the motor blockade of lignocaine. Urinary retention, which is a potential side-effect of both techniques, was not a clinical problem. Indeed, the majority of patients undergoing treatment had urinary catheters in situ anyway.
Epidural fentanyl may not provide suitable anaesthesia for associated ancillary procedures (e.g. cystoscopy and placement of ureteric stent) which are required in approximately 25% of treatments. 7 ,16 However, the relative cardiovascular stability associated with fentanyl could possibly be maintained by combining it with a caudal anaesthetic block to cover the ancillary procedure.
In conclusion, both epidural lignocaine and fentanyl provide satisfactory analgesia for ESWL in the majority of patients. Fentanyl is associated with a shorter preparation time and lesser cardiovascular changes.
